Objective: To what extent endogenous subclinical thyroid disorders contribute to impaired physical and cognitive function, depression, and mortality in older individuals remains a matter of debate. Design: A population-based, prospective cohort of the Longitudinal Aging Study Amsterdam. Methods: TSH and, if necessary, thyroxine and triiodothyronine levels were measured in individuals aged 65 years or older. Participants were classified according to clinical categories of thyroid function. Participants with overt thyroid disease or use of thyroid medication were excluded, leaving 1219 participants for analyses. Outcome measures were physical and cognitive function, depressive symptoms (cross-sectional), and mortality (longitudinal) Results: Sixty-four (5.3%) individuals had subclinical hypothyroidism and 34 (2.8%) individuals had subclinical hyperthyroidism. Compared with euthyroidism (nZ1121), subclinical hypo-, and hyperthyroidism were not significantly associated with impairment of physical or cognitive function, or depression. On the contrary, participants with subclinical hypothyroidism did less often report more than one activity limitation (odds ratio 0.44, 95% confidence interval (CI) 0.22-0.86). After a median follow-up of 10.7 years, 601 participants were deceased. Subclinical hypo-and hyper-thyroidism were not associated with increased overall mortality risk (hazard ratio 0.89, 95% CI 0.59-1.35 and 0.69, 95% CI 0.40-1.20 respectively). Conclusions: This study does not support disadvantageous effects of subclinical thyroid disorders on physical or cognitive function, depression, or mortality in an older population.
Introduction
Subclinical thyroid disorders are common in older individuals (1) . The prevalence of subclinical hyperthyroidism ranges from 1 to 15% and of subclinical hypothyroidism from 3 to 16% in individuals aged 60 years and older (1) . Although overt thyroid disorders do negatively influence physical and cognitive function (2) , associations of subclinical thyroid disorders with these outcome measures are less clear and studies demonstrate contradictory results (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . A systematic review of the literature rated the evidence as insufficient to confirm or refute an association of subclinical thyroid disorders with clinical symptoms (2) .
Subclinical thyroid disorders are associated with alterations in various cardiovascular risk factors, such as lipid profile, body mass index (BMI), impaired cardiac function, and occurrence of atrial fibrillation (1, 2) . Nevertheless, meta-analyses including studies in different age categories have shown disagreement on the absence or presence of associations between subclinical thyroid disorders and all-cause mortality (14) (15) (16) (17) (18) . In individuals aged 60 years and older, endogenous subclinical thyroid disorders have also been reported to have either no significant effect (19) (20) (21) (22) or a deleterious effect (23) . Remarkably, one study performed in individuals aged 85 years and older, suggested that subclinical hypothyroidism may be related to prolonged survival (12) .
To gain more insight into clinical implications of endogenous subclinical thyroid disorders, we aimed to examine cross-sectional associations of thyroid disorders with physical and cognitive function, and depression in a large sample of the older Dutch population. Furthermore, we assessed the relationship between endogenous subclinical thyroid disorders and mortality risk during a follow-up of more than 10 years.
Subjects and methods

Participants and mortality
Data for this analysis was collected within the framework of the Longitudinal Aging Study Amsterdam (LASA), an ongoing cohort study in The Netherlands, which has been described previously (24) . Briefly, a random sample of 3107 individuals (aged 55-85 years) participated. At baseline (1992) (1993) and every 3 years subsequently a cycle of measurements was carried out. Blood samples for TSH were obtained only in [1995] [1996] . For financial reasons, TSH was determined in a subset of 1509 participants aged 65 years or older as of January 1, 1996 . Older participants were selected because the initial aim was to examine associations of thyroid function with several outcome measures and older individuals demonstrate a higher prevalence of thyroid disorders. Participants without a blood sample or with an insufficient blood sample (nZ239) were excluded, leading to 1270 participants with TSH measurements of which over 99% were Caucasian. The study was approved by the Medical Ethics Committee of the VU University Medical Center, and informed consent was obtained from all participants.
Whether or not death had occurred on June 1, 2007, was determined by collecting data from the registers of the municipalities. The primary causes of death were obtained from the Dutch Central Bureau of Statistics and coded according to the International Classification of Diseases, 10th Revision. Mortality from cardiovascular diseases included deaths due to hypertensive disease (codes I10-I13), ischemic heart disease (codes I20-I25), arrhythmia (codes I44-I49), heart failure (code I50), cerebrovascular disease (codes I60-I69), or atherosclerosis or other diseases of the arteries (codes I70-I78).
Thyroid function
Morning whole blood samples were collected and centrifuged in 1995-1996. Serum was kept frozen until TSH determination in 2001 in the Endocrinological Laboratory of the VU University Medical Center. Subjects were allowed to eat toast and drink tea but no dairy products. In w30% of the study population TSH was also determined immediately to obtain reference values for the local laboratory. These results were communicated to general practitioners and not used in the present analyses. TSH was measured by RIA (Centaur, Bayer Diagnostics) with an interassay co-efficient of variation (CV) of 6%. If TSH was not within the normal range, free thyroxine (T 4 ) was measured by a competitive immunoassay (Centaur, Bayer Diagnostics) with an interassay CV of 7%. If T 4 was normal in the presence of an abnormal value of TSH, free triiodothyronine (T 3 ) was also measured. Information on the use of levothyroxine (LT 4 ) or antithyroid medication was selfreported and accompanied by visual inspection of every container of medication available in the participant's house. This information was obtained at the time of the blood sampling for TSH measurement in 1995-1996 and every 3 years thereafter.
Thyroid function was classified according to the clinical classification (2) . Subclinical hypo-and hyperthyroidism were defined as normal T 4 and T 3 levels (11-22 and 3.5-6.5 pmol/l respectively) together with TSH levels, respectively, above (O4.5 mU/l) and below (!0.3 mU/l) normal values. Euthyroidism was defined by normal TSH values (R0.3 and %4.5 mU/l). In three participants with abnormal TSH values T 4 could not be determined and in two participants with abnormal TSH and normal T 4 values T 3 could not be determined. Thus, 1265 participants could be classified according to clinical categories of thyroid function. We did exclude participants that did not comply with the definition of subclinical thyroid disorders or euthyroidism (nZ22) (2), because numbers within other thyroid disorder categories were too small to draw conclusions, resulting in 1243 individuals for analyses.
Physical function
Physical function was assessed in three ways. i) Total physical performance score, ii) handgrip strength, and iii) self-reported activity limitations.
Total physical performance score was the sum of three different physical performance tests performed in 1995-1996: walking, chair stand, and tandem stand tests. The description and calculation of the scores of these tests is described elsewhere (25) . The scores of the three tests were added up to obtain a total score that ranged from 0 (lowest physical performance) to 12 (highest physical performance). Data on total performance score were missing in 66 participants (nZ37 abbreviated or preterm terminated interviews; nZ8 not enough room or refusal, nZ21 time not measured or test not performed for unknown reasons).
Handgrip strength was assessed using a dynamometer (Takei TKK 5001, Takei Scientific Instruments Co. Ltd, Tokyo, Japan). The maximum strength (kilograms) of two attempts of each hand was averaged. When only one hand could be used, the maximum value of that hand was used (nZ19). Handgrip measurements were missing in five participants of which two participants were handicapped at both hands.
Self-reported activity limitations were assessed with a validated questionnaire concerning the degree of difficulty with the following six activities of daily living: climbing stairs, walking 5 min outdoors without resting, getting up and sitting down in a chair, dressing and undressing oneself, using own or public transportation, and cutting one's own toe nails (26) . Participants reported a score of zero (not any difficulty) to six (difficulty with all activities). The number was dichotomized to the presence of none or one activity limitation or the presence of two or more activity limitations (26) . Two or more activity limitations are more likely to be due to an underlying disease than one activity limitation.
Cognitive function and depression
Cognition was assessed by four tests in 1995-1996: the mini-mental state examination (MMSE), the Raven's colored progressive matrices (RCPM), the coding task (CT), and the auditory verbal learning test (AVLT).
The MMSE is a screening test for global cognitive functioning. The highest score is 30; a score of 23 or less indicates cognitive impairment (27) .
The RCPM is used to measure a person's ability for nonverbal and abstract reasoning. In LASA, a short version was used because of time limitations (28) . Total scores range from 0 to 24 items, a lower score indicating worse performance.
Information processing speed was measured by an adjusted version of the CT (29) . The task consists of three identical trials, in which the respondent has to combine 15 sets of two characters. The total score is defined as the total number of completed characters and ranges from 0 to 45 items.
Memory was measured with an abbreviated version of the AVLT (30) . The participant is asked to remember as many words (of 15 nouns) as possible in three trials with an identical word list. The total number remembered is a measure of immediate memory and ranges from 0 to 45. In addition, the amount remembered after a 20 min interval is a measure of delayed memory. This is expressed as the percentage of the maximum number remembered during any of the earlier trials and ranges from 0 to more than 100%.
Depression was assessed using the Center for Epidemiologic Studies-Depression Scale (CES-D). Total score ranges from 0 to 60, a higher score indicating more depressive symptoms. The cut off point for depressive symptoms (CES-D R16) was pre-established and validated in The Netherlands (31) .
Data of the cognitive function tests and depression were missing for several reasons (MMSE, nZ2; RCPM, nZ58; CT, nZ58; AVLT, nZ25; and CESD, nZ38): an abbreviated interview, preterm termination, too many missing items, physical problems, technical problems, or the cognitive incapability to understand and/or perform the test. In 29 participants at least one of the tests was not performed because of inability to understand and/or perform the given instructions. We performed analyses with the allocation of a score of zero to these missing test results to examine the contribution of this group.
Covariates
We identified the following potential confounders: alcohol use, smoking status, educational level, number of chronic diseases, BMI, mean arterial pressure (MAP), heart rate, total cholesterol, and physical activity. In addition, BMI is identified as a potential mediator in the relationship between thyroid disorders and physical function. Also, BMI, heart rate, MAP, and total cholesterol are potential mediators in the relationship between thyroid disorders and mortality. The choice of potential confounders and mediators was based on associations with thyroid function and outcome measures, either in our study or in the literature.
Smoking status, alcohol consumption (32), educational level, and the number of chronic diseases (pulmonary disease, cardiac disease, diabetes mellitus, cancer, stroke, arthritis, and peripheral atherosclerosis) was assessed by self-report. Physical activity was assessed with the LASA Physical Activity Questionnaire (LAPAQ) which is described elsewhere (33) . Physical activity was not assessed in 37 participants with an abbreviated or preterm terminated interview. Data on educational level, alcohol use, chronic diseases, BMI, MAP, heart rate, and total cholesterol were missing in 2, 1, 1, 22, 26, 26, and 31 participants, respectively mostly due to logistic or technical reasons.
Statistical analysis
Differences in baseline characteristics were tested using one-way ANOVA (normally distributed continuous variables), the Kruskal-Wallis H test (skewed continuous variables), and the c 2 test (categorical variables). Logistic and linear regression analyses were used to analyze associations of categories of thyroid function with dichotomous and continuous outcome variables respectively. Cox's proportional hazard model was used to study effects on mortality. The category euthyroidism served as the reference group for all analyses. All analyses were adjusted for age and gender (model 1). In addition, we constructed a model with possible confounders and/or mediators for the separate outcome variables (model 2). In all analyses, the maximum number of complete cases was included.
We chose to present analyses with thyroid function classified in clinical categories and not in percentiles for two reasons. First, this classification is the most appropriate to address the objective of the study, which was to examine associations between subclinical thyroid disorders and outcome measures. Second, the use of percentiles may create TSH categories that are overly broad, which may mask true effects of TSH (34) .
Results
Baseline characteristics and thyroid status
Participants who used LT 4 or antithyroid medication in 1995-1996 were excluded from the cross-sectional analyses (nZ24), resulting in 1219 individuals for cross-sectional analyses. Mean age of the participants studied for cross-sectional analyses was 75.5G6.6 years. Gender was almost equally distributed (50.5% female). The median TSH was 1.5 mU/l (interquartile range: 1.0-2.3). Thyroid function was normal in 1121 participants (92.0%). Sixty-four (5.3%) participants had subclinical hypothyroidism and 34 (2.8%) participants had subclinical hyperthyroidism. Of the participants with subclinical hypothyroidism 14 (21.9%) had a TSH above 10.0 mU/l and of the participants with subclinical hyperthyroidism 13 (38.2%) had a TSH below 0.10 mU/l. Baseline characteristics of the sample studied for cross-sectional analyses stratified by thyroid categories are presented in Table 1 . Table 2 shows results of physical outcome measures according to thyroid categories. Compared with euthyroidism, subclinical hypo-and hyper-thyroidism were not related to differences in total physical performance score. Of the separate physical performance tests, subclinical hyperthyroidism was associated with a higher score on the tandem stand test after correction for potential confounders (bZ1.45, 95% confidence interval (CI) 0.08-2.81, PZ0.037). Results of other physical performance tests did not differ between participants with subclinical thyroid disorders and euthyroidism.
Physical function
Participants with subclinical hyperthyroidism had lower mean handgrip strength than euthyroid participants, although this difference did not reach statistical significance. Subclinical hypo-and hyper-thyroidism were not associated with a higher amount of selfreported activity limitations. On the contrary, participants with subclinical hypothyroidism did less often report more than one activity limitation. When activity limitations were analyzed as a continuous variable there were no significant differences between the thyroid categories (subclinical hypothyroidism versus euthyroidism, bZK0.05, 95% CI K0.12-0.02, PZ0.19 and subclinical hyperthyroidism versus euthyroidism, bZK0.31, 95% CI K0.81-0.21, PZ0.24).
Cognitive function and depression
Global cognitive function and depressive symptoms according to thyroid categories are presented in Table 3 .
Results for the separate cognitive function tests are shown in Table 4 . None of the thyroid categories were associated with limitations in cognitive function tests.
Additional analyses with allocation of a score of zero to participants, who were not able to perform a test because they were not able to understand or perform the instructions, did not materially influence our results.
Mortality
Participants who started with LT 4 or antithyroid medication during follow-up were excluded for the longitudinal analyses (nZ20, six in the euthyroid category, 13 in the subclinical hypothyroid category, and one in the subclinical hyperthyroid category). Data whether or not death had occurred from the registers of the municipalities were not available for two euthyroid participants, resulting in 1197 individuals for analysis of mortality. Baseline characteristics did not differ between the sample studied for longitudinal analyses and the sample studied for cross-sectional analyses (data not shown). During a median 10.7 years of follow-up (interquartile range 5.6-11.2 years), 601 deaths occurred (50.2%) of which 184 due to cardiovascular causes. Of the 184 deaths to cardiovascular disease, 51 (27.7%) deaths occurred due to ischemic heart disease (one participant with subclinical hypothyroidism and three participants with subclinical hyperthyroidism). Hazard ratio's of all-cause and cardiovascular mortality according to thyroid categories are presented in Table 5 and Kaplan-Meier mortality curves for different thyroid categories are depicted in Fig. 1 . The all-cause and cardiovascular mortality risk did not significantly differ between the subclinical thyroid categories and euthyroidism. BMI, cholesterol, heart rate, and MAP were identified as potential mediators of the relationship between subclinical thyroid disease and mortality. Additional analyses demonstrated only minimal changes in hazard ratio (!10%) after adjustment for potential mediators separately or combined (data not shown).
Sensitivity analyses were performed after inclusion of participants on thyroid medication at baseline (nZ24) and during follow-up (nZ20) resulting in analyses of data of 1243 participants for cross-sectional analyses and 1241 participants for longitudinal analyses. This did not materially change the effect estimates (data not shown).
Discussion
The present findings demonstrated that endogenous subclinical thyroid dysfunction was not associated with impaired physical or cognitive function, or depression in a Dutch cohort aged 65 years and older. If anything, the presence of in particular subclinical hypothyroidism might have been related to a slight advantageous effect on self-reported activity limitations. In addition, both subclinical thyroid disorders were not related to an increased risk of mortality during a follow-up of more than 10 years.
Strengths and limitations
The strengths of this study are the population-based design which enhances generalizability (35) . A second strength is the detailed information on physical and cognitive functioning provided by various validated tests. A limitation is that all outcome measures except mortality were analyzed in a cross-sectional way, which cannot exclude cohort effects. In addition, the absence of longitudinal TSH, free T 4 and T 3 measurements may have contributed to misclassification. However, the physical function tests were performed within a short time interval from TSH measurement. Therefore, it is likely that the measured TSH reflects the thyroid function at time of test performances. However, effects of misclassification and the development of thyroid disorders during follow-up might have affected associations with mortality. In w70% of the participants TSH was determined only 5-6 years after blood sampling and for that reason these measurements did not influence the course of the thyroid disorders and treatment decisions of primary care physicians. Regarding the 30% of the study 
RCPM, Raven's colored progressive matrices; CT, coding task; AVLT, auditory verbal learning test. Number at risk after exclusion of those cases with missing data on one or more of the potential confounders and/or mediators.
population in which general practitioners were informed about thyroid function at baseline, we did have data on medication and excluded participants who started thyroid medication during follow-up. However, we lacked information on other treatment modalities such as radioactive iodine or surgery and a direct effect of these treatments on study outcomes and in particular mortality cannot be excluded. In addition, although we adjusted the analysis for a number of comorbidities, residual confounding cannot be ruled out with certainty. Also, our dataset contained a number of missing data and we included only complete cases in the analyses. Part of the data is missing due to technical and logistic reasons and can be assumed to be missing completely at random. However, other data, in particular of physical and cognitive function tests, may be missing not completely at random and thus influence the outcomes. Finally, it should be emphasized that the power of our study to detect small differences in outcomes between subclinical thyroid disorders and euthyroidism was limited. The sample size of this study was in fact predefined, meaning that the data were already available for research purposes as is often the case with observational studies. Since there were 34 patients with subclinical hyperthyroidism and 64 patients with subclinical hypothyroidism, the study was adequately powered to give meaningful estimates for continuous outcomes. As can be seen from Tables 2 and 4 , the CI accompanying the calculated effect estimates are rather small, showing that for continuous outcomes our study provides estimates with sufficient precision to be meaningful. However, for binary outcomes, such as mortality, the power will be lower, and negative findings should be interpreted with more caution.
Physical function
In this study, participants with subclinical thyroid disorders demonstrated similar physical performance as euthyroid participants. Moreover, subclinical thyroid disorders, in particular subclinical hypothyroidism, might even be related to a slight benefit in self-reported activity limitations. This is in agreement with a recent study in a population of similar age, which demonstrated no differences in walking ability between subclinical hypothyroid and euthyroid participants. These data even suggested a slight functional advantage in those with mild TSH elevations (3). In addition, elevated TSH was not associated with impairment of activities of daily living in the Leiden 85-plus study (12) . Although impaired muscle strength is a frequent finding in overt hypothyroidism (36) , subclinical hypothyroidism is not related to impaired muscle strength in our or other previous studies (8, 37) . Our results did not exclude a negative effect of subclinical hyperthyroidism on muscle strength. Previously, decreased muscle strength in subclinical hyperthyroidism has been found in proximal muscle groups of the leg (8) . In our study, however, the potential impairment of muscle strength in subclinical hyperthyroidism was small and did not coincide with impairments of physical performance or daily functioning. Earlier studies have shown similar exercise performance (7) or arm-hand coordination (4) in individuals with subclinical hyperthyroidism and euthyroidism. Therefore, our findings and earlier studies may suggest that the clinical impact of lower muscle strength in subclinical hyperthyroidism, if present at all, is limited.
Cognitive function and depression
In our study, subclinical thyroid disorders were not related to impairment in any of the tested domains of cognitive function or to more depressive symptoms. Although cognitive impairment in subclinical hypothyroidism has been shown in studies in populations with a mean age under 65 years (9, 10), our results are in line with most (11, 38, 39) but not all (40, 41) studies in populations aged 65 years and older. In addition, studies in younger age groups have shown a clear beneficial effect of LT 4 supplementation on cognitive function (10) . A recent study in individuals aged 65 years and older, however, did not show such positive effects (13) . Studies in older populations examining associations between subclinical hyperthyroidism and cognitive function are scarce. Our results are in line with a large cross-sectional study performed in the UK (38) , which also did not demonstrate a relationship, but they contrast with a recent Italian study which showed that subclinical hyperthyroidism was associated with lower MMSE scores (9) . This difference may be partly explained by differences in study populations, as the mean MMSE in the latter study was much lower than in our study population. Our study also confirms the findings of other studies in which no association was found between subclinical thyroid disorders and depression (42) .
Mortality
Previous meta-analyses show conflicting results on the association of subclinical hyperthyroidism and all-cause mortality (14, (16) (17) (18) . In addition, studies published after these meta-analyses show a similar diversity in results (43) (44) (45) . This ambiguity in findings may reflect differences in study populations, definitions of subclinical hyperthyroidism, adjustment for potential confounders, duration of follow-up, and presence of comorbidities (1, 45) . Our population-based cohort study demonstrated that subclinical hyperthyroidism, in contrast to overt thyroid disorders, was not related to increased all-cause mortality risk. This is in line with three other population-based studies in a similar age group (19, 21, 22) . In contrast, a TSH !0.5 mU/l compared with TSH R0.5 mU/l was associated with increased all-cause mortality in a population of 60 years and older (23) . However, in that study, participants with an elevated TSH were included in the reference category. An additional analysis of our data using a similar reference category (TSH R0.5 mU/l) resulted in a hazard ratio for all-cause mortality of 1.17 (95% CI 0.81-1.71). Further, the relationship was found for a follow-up time of 2-5 years, but not for the total followup time of 10 years, which the authors explained by the high amount of deceased participants at the end of the study. The Kaplan-Meier mortality curves of our data demonstrate that even in a shorter follow-up time subclinical hyperthyroidism is not likely to be associated with increased all-cause mortality risk.
Although meta-analyses examining the relationship between subclinical hypothyroidism and all-cause mortality also show disagreement on the presence or absence of a relationship (14) (15) (16) (17) (18) , all studies in populations aged over 60 years (19) (20) (21) (22) (23) are in agreement with our study and demonstrate the absence of significant relationships between subclinical hypothyroidism and all-cause mortality. In addition, a recent meta-analysis based on individual data analyses demonstrated a small but not significant increased risk of all-cause mortality in individuals aged 65-79 years and no increased risk in individuals aged 80 years and above (15) . Results from the Leiden 85-plus study suggested that in a very old population an elevation of TSH may even result in an increased life span (12) . This difference illustrates that effects of subclinical thyroid disorders cannot be extrapolated over different age groups. In addition, meta-analyses suggest a possible relationship of subclinical hypothyroidism with cardiovascular morbidity and mortality in particular in younger populations and in the presence of TSH concentrations of 7 mU/ml or above (14, 15) . Although our data does not suggest a relationship between subclinical thyroid disorders and increased cardiovascular mortality, the number of deaths due to cardiovascular disease and in particular coronary heart disease was too small to draw definite conclusions.
Clinical implications
Our data demonstrates the absence of relationships between subclinical thyroid disorders, on the one hand, and disadvantageous effects on physical and cognitive function, depression, or mortality, on the other hand. In older populations screening for thyroid disorders is often performed by primary care physicians, internists and geriatricians in the presence of physical or cognitive impairments, or depressive symptoms. Findings of thyroid function tests in the subclinical range may not automatically imply an explanation for the complaints and subsequent initiation of treatment. Indeed, the presence of symptoms specific for thyroid dysfunction, such as palpitations or weight loss, necessitate thyroid function testing, and may warrant treatment for subclinical thyroid disorders. However, only randomized controlled trials in large cohorts can definitely answer the question whether treatment of subclinical thyroid dysfunction will affect morbidity and mortality in older individuals.
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